Bilingualism narrows socioeconomic disparities in executive functions and self-regulatory behaviors during early childhood: Evidence from the early childhood longitudinal study by HARTANTO, Andree et al.
Singapore Management University
Institutional Knowledge at Singapore Management University
Research Collection School of Social Sciences School of Social Sciences
1-2018
Bilingualism narrows socioeconomic disparities in
executive functions and self-regulatory behaviors
during early childhood: Evidence from the early
childhood longitudinal study
Andree HARTANTO
Singapore Management University, andreeh@smu.edu.sg
Wei Xing TOH
Singapore Management University, noahtoh@smu.edu.sg
Hwajin YANG
Singapore Management University, hjyang@smu.edu.sg
DOI: https://doi.org/10.1111/cdev.13032
Follow this and additional works at: https://ink.library.smu.edu.sg/soss_research
Part of the Bilingual, Multilingual, and Multicultural Education Commons, and the Child
Psychology Commons
This Journal Article is brought to you for free and open access by the School of Social Sciences at Institutional Knowledge at Singapore Management
University. It has been accepted for inclusion in Research Collection School of Social Sciences by an authorized administrator of Institutional
Knowledge at Singapore Management University. For more information, please email libIR@smu.edu.sg.
Citation
HARTANTO, Andree, TOH, Wei Xing, & YANG, Hwajin.(2018). Bilingualism narrows socioeconomic disparities in executive
functions and self-regulatory behaviors during early childhood: Evidence from the early childhood longitudinal study. Child
Development, , 1-21.
Available at: https://ink.library.smu.edu.sg/soss_research/2460
Bilingualism Narrows Socioeconomic Disparities in Executive Functions and
Self-Regulatory Behaviors During Early Childhood: Evidence From the Early
Childhood Longitudinal Study
Andree Hartanto, Wei X. Toh, and Hwajin Yang
Singapore Management University
Socioeconomic status (SES) and bilingualism have been shown to inﬂuence executive functioning during early
childhood. Less is known, however, about how the two factors interact within an individual. By analyzing a
nationally representative sample of approximately 18,200 children who were tracked from ages 5 to 7 across
four waves, both higher SES and bilingualism were found to account for greater performance on the inhibition
and shifting aspects of executive functions (EF) and self-regulatory behaviors in classroom. However, only
SES reliably predicted verbal working memory. Furthermore, bilingualism moderated the effects of SES by
ameliorating the detrimental consequences of low-SES on EF and self-regulatory behaviors. These ﬁndings
underscore bilingualism’s power to enrich executive functioning and self-regulatory behaviors, especially
among underprivileged children.
A large body of research has demonstrated that a
group of adaptive, goal-oriented control pro-
cesses―inhibition, shifting, and updating of work-
ing memory (Miyake et al., 2000)―collectively
known as executive functions (EF) are essential for
many crucial aspects of childhood development,
including school readiness (Blair, 2002), future aca-
demic achievement (Bull, Espy, & Wiebe, 2008),
socioemotional competencies (Broidy et al., 2003),
and physical health (Riggs, Chou, Spruijt-Metz, &
Pentz, 2010). In view of the predictive role EF plays
in early childhood, scholarly interest in the child-
hood experiential factors that modulate children’s
executive functioning has surged (e.g., Diamond,
2012; Hartanto, Toh, & Yang, 2016). Two of these
experiential factors are socioeconomic status (SES;
e.g., Farah et al., 2006; Mezzacappa, 2004) and
bilingualism (e.g., Hartanto & Yang, 2016; Yang &
Yang, 2016). Despite numerous studies that have
investigated each of these factors, however, much
less is known about how they interact and manifest
themselves within an individual. Speciﬁcally, given
the evidence that children from low-SES households
are at greater risk of delays in EF development
(e.g., Ardila, Rosselli, Matute, & Guajardo, 2005),
bilingualism—which has been shown to confer cog-
nitive advantages in EF—might attenuate the sub-
stantial gaps in EF skills between children from
high-SES and low-SES families. Therefore, we
sought to investigate potential interactions between
the two experiences (i.e., SES and bilingualism) on
executive functioning among 5- to 7-year-old chil-
dren.
Empirical evidence that supports the relation
between SES—which is typically indexed by paren-
tal education, income, or occupation—and chil-
dren’s EF has been well established. It is believed
that high-SES children are well endowed with
material resources, social connections, and positive
parenting styles that beneﬁcially contribute to their
social and cognitive development (Bradley &
Corwyn, 2002). For example, higher SES parents,
relative to their lower SES counterparts, more fre-
quently involve their children in cognitively stimu-
lating materials and experiences (e.g., reading);
allow for richer conversational exchanges (e.g., con-
tingent responsiveness), and provide enriching
teaching experiences that include more scaffolding
and complex verbal guidance (Bradley & Corwyn,
2002; Shonkoff & Phillips, 2000).
In contrast, low-SES children have either limited
or no access to those resources and are therefore
deprived of proper stimulation and support for cog-
nitive development. Accordingly, the literature has
suggested that low-SES children perform poorly on
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a wide variety of EF measures. For example, Ardila
et al. (2005) found that SES (measured by parental
education) was signiﬁcantly correlated with 5- to 6-
year-olds’ performance on a variant of the Wiscon-
sin Card Sorting Task, which primarily taps the
shifting aspect of EF. Similarly, Mezzacappa (2004)
found that compared to their higher SES counter-
parts, 6-year-old children of lower SES (indexed by
income, parental education, and occupation)
showed poorer ability to resist interference from
competing task demands on the Attention Network
Task (ANT), which assesses varying aspects of exec-
utive attention (i.e., alerting, orienting, and inhibi-
tory control). Noble, McCandliss, and Farah (2007)
found that older children (ﬁrst graders) from lower
SES families (measured by parental education, occu-
pation, and income) performed poorer than those
from higher SES families on several EF tasks,
including a nonverbal Stroop task—which assessed
inhibitory control—and a nonverbal spatial working
memory task. In a cohort of 11-year-olds (Farah
et al., 2006), children from lower SES families (in-
dexed by parental occupation and education)
scored lower than those from higher SES families
on a battery of EF tasks that assessed inhibition
(i.e., the Number Stroop and Go/No-Go) and
updating of working memory (i.e., two-back task).
More recently, Hackman, Gallop, Evans, and Farah
(2015) demonstrated that kindergarteners, ﬁrst gra-
ders, and third graders from higher SES families
(indexed by household income and parental educa-
tion) exhibited greater working memory capacity,
as assessed by the Memory for Sentences subtest of
the Woodcock–Johnson Psychoeducational Battery
(Woodcock & Johnson, 1989). Together, these ﬁnd-
ings suggest that disparities in SES play a formative
role in children’s executive functioning.
A parallel body of research supports the link
between children’s bilingualism and executive func-
tioning. During bilinguals’ language processing,
their two languages are simultaneously activated,
even when only one language is required (Green,
1998). Thus, bilinguals are subject to considerable
linguistic and cognitive demands, due to their con-
stant need to monitor attention to the target lan-
guage—while suppressing the nontarget language
—and efﬁciently switch from one language to
another. These abilities are facilitated, in part,
by the executive control system (Luk, Green,
Abutalebi, & Grady, 2012; Morales, Calvo, & Bia-
lystok, 2013). Accordingly, the literature suggests
that extensive bilingual practice during early child-
hood may enhance executive functioning. For
instance, early studies using the Dimensional
Change Card Sort (DCCS; Zelazo, Frye, & Rapus,
1996)―which requires children to ﬂexibly switch
attention between two different sorting dimen-
sions―have shown that 3- to 6-year-old bilinguals,
relative to their monolingual counterparts, attained
a signiﬁcantly higher number of correct responses
on the postswitch phase (e.g., Bialystok, 1999; Bia-
lystok & Martin, 2004). As successful performance
on the DCCS entails not only effectiveness in ﬂexi-
ble attentional shifting (Kloo & Perner, 2005) but
also the ability to inhibit proactive interference from
a prior relevant task set (Kirkham, Cruess, & Dia-
mond, 2003), this ﬁnding indicates a bilingual
advantage in the inhibition and shifting aspects of
EF. Replicating this, Carlson and Meltzoff (2008)
reported that native English–Spanish bilingual
kindergarteners (ages 4–6) outperformed English
monolinguals and English second-language learners
of Spanish on a battery of EF measures, including
the DCCS. In addition, Yang and Yang (2016)
found that 5- to 6-year-old Korean-English bilin-
guals’ performance on the ANT was superior to
their monolingual counterparts. In another cohort
of 8- to 11-year-olds, Sorge, Toplak, and Bialystok
(2016) observed that bilinguals outperformed mono-
linguals on the ﬂanker task, which assesses inhibi-
tory control.
However, the literature suggests that bilingualism
may not necessarily beneﬁt all aspects of EF. For
instance, studies that examined the effects of bilingual-
ism on working memory processing have revealed
somewhat inconsistent patterns. Bialystok and Feng
(2010) found that 6-year-old bilinguals and monolin-
gual children showed equivalent performance on a
verbal working memory task, which entailed the ver-
bal recall of increasingly long strings of animal names.
Similarly, Engel de Abreu (2011) longitudinally
tracked the development of working memory from
ages 6 to 8 and found that bilinguals’ performance
was comparable to that of monolinguals on simple
and backward digit recall tasks. Taken together, these
ﬁndings suggest that bilingualism selectively facili-
tates the inhibition and shifting aspects of EF but not
verbal working memory processing.
Considering these individual contributions of
SES and bilingualism to EF development, an
intriguing question arises about the potential inter-
action between SES and bilingualism on children’s
EF. Given that life experiences are regarded as
more critical for cognitive development than genetic
inﬂuences in lower SES children (Turkheimer,
Haley, Waldron, D’Onoﬁo, & Gottesman, 2003),
previous studies suggest that changes in various
aspects of low-SES children’s learning environments
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can signiﬁcantly inﬂuence their cognitive develop-
ment. For instance, a family-based intervention
study of low-SES children demonstrated that basic
training that promoted parental involvement—that
is, parents’ language use with the child and facilita-
tion of the child’s attention—signiﬁcantly enriched
low-SES children’s neurocognitive attentional
processes (Neville et al., 2013). In this vein, early
bilingualism, which has been shown to be associ-
ated with changes in brain neuronal activation (for
a review, see Garbin et al., 2010), likely serves as
another form of enriching experience that yields
greater cognitive gains for lower SES children than
for higher SES children―that is, bilingualism likely
attenuates the detrimental effects of low-SES on EF.
Despite the critical importance of these ﬁndings,
the majority of prior research has not focused on
the interactional impact of bilingualism and SES
on children’s EF (e.g., Carlson & Meltzoff, 2008;
Engel de Abreu, 2011). Only a few studies have
focused on the relation between SES and bilingual-
ism; contrary to our expectations, their ﬁndings
suggest an absence of signiﬁcant interaction
between SES and bilingualism. Speciﬁcally, Calvo
and Bialystok (2014) tested younger children from
working- and middle-class families and found that
SES (indexed by maternal education) and bilin-
gualism did not interact; instead, they indepen-
dently accounted for 6- to 7-year-olds’ working
memory and inhibitory control performance on the
frog matrices and ﬂanker tasks, respectively.
Speciﬁcally, middle-class children outperformed
working-class children, and bilingual children sur-
passed monolingual children on all EF tasks.
Krizman, Skoe, and Kraus (2015) found that bilin-
gualism, but not SES (high vs. low; indexed by
maternal education), emerged as a signiﬁcant con-
tributor to 14-year-old adolescents’ inhibitory con-
trol performance on the Integrated Visual and
Auditory Continuous Performance Test, in which
participants were required to respond only when
the number 1, and not 2, was seen or heard.
Taken together, despite the possibility of an inter-
action between SES and bilingualism, the evidence
—though limited—appears to favor the indepen-
dent and noninteractional contributions of SES and
bilingualism to EF development.
It is premature, however, to reach general con-
clusions based on only a few studies, which have
notable methodological drawbacks. First, a central
limitation in studies that have focused on the inter-
action of SES and bilingualism is the reliance on
maternal education as the sole proxy for SES;
high school and postsecondary education (e.g.,
university) were used to signify lower and higher
SES, respectively. Although maternal education is
perhaps the most pivotal component of SES for
developmental outcomes (Bornstein, Hahn, Suwal-
sky, & Haynes, 2003), it remains unclear whether
maternal education sufﬁciently captures the multi-
dimensional construct of SES, which represents not
only ﬁnancial capital (i.e., material resources) but
also human and social capital (i.e., nonmaterial
resources such as knowledge, skills, and household
connections; Coleman, 1988). Indeed, it has been
noted that multidimensional indices―which com-
bine income, education, and occupation―have been
found to uniquely explain variance in children’s
behavioral outcomes (e.g., academic achievement)
and approximate SES better than any of the single-
dimensional indicators (Bradley & Corwyn, 2002;
White, 1982). Moreover, the constituents of SES
may represent distinct resources that differentially
affect behavioral outcomes.
For example, family income may best represent
the material resources available to children,
whereas parents’ educational attainment may be
more important in shaping parent–child interac-
tions; both play important roles in children’s cogni-
tive development (Duncan & Magnuson, 2012).
Consistently, empirical studies have shown that
household income and parental education indepen-
dently affect EF (Aran-Filippetti & Richaud de
Minzi, 2012; Hackman et al., 2015). Therefore, more
thorough investigation will be required to deter-
mine how each SES component, as well as a com-
posite index of SES, interacts with bilingualism in
predicting EF. Second, because previous studies
have employed convenience sampling, it is conceiv-
able that the insigniﬁcant interaction between bilin-
gualism and SES in previous studies could be
attributed to range restrictions on SES levels.
Accordingly, a nationally representative sample
with broader SES ranges is needed to more pre-
cisely estimate the effect of interactions between
bilingualism and SES on EF. Third, Paap, Johnson,
and Sawi (2015) argue that although the null effects
of bilingualism have been documented by studies
using small to large sample sizes, signiﬁcant effects
principally appeared when samples were small and
were diminished for larger samples. For instance,
Anton et al. (2014; n = 360) and Du~nabeitia et al.
(2014; n = 504) conducted studies on large samples
but failed to ﬁnd bilingual advantages in inhibitory
control skills (i.e., ANT and nonverbal Stroop task).
These studies suggest that the effects of bilingual-
ism on EF may not be as straightforward as previ-
ously assumed. In view of these challenges, large-
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scale studies would provide more reliable and
robust evidence for bilingual advantages in EF (But-
ton et al., 2013).
To tackle the issues addressed above, we identi-
ﬁed three goals. The ﬁrst was to revisit the
potential interaction effect of SES and bilingualism
on EF development. To better approximate the
multidimensional construct of SES, which has con-
ventionally been indexed by a single dimension
(e.g., maternal education), we operationalized SES
using two approaches. In the ﬁrst, as commonly
used in previous studies (e.g., Farah et al., 2006;
Noble et al., 2007), we created a composite index
of SES that contained the following dimensions:
household income, maternal education, paternal
education, maternal occupation, and paternal occu-
pation. However, as this approach cannot identify
each SES dimension’s unique contributions to chil-
dren’s EF, in our second approach we followed
Duncan and Magnuson’s (2003) recommendation
by considering each component separately.
Employing both approaches to operationalize SES
allowed us to determine the locus of the interac-
tion between bilingualism and SES. Second, given
the inconclusive ﬁndings, we aimed to examine
the impact of SES and bilingualism on EF with a
large sample and longitudinal design, as this
would enhance the study’s precision and reliabil-
ity. Third, whereas previous studies have primarily
focused on cognitive performance on laboratory-
based EF measures, little is known about whether
the effects of SES and bilingualism on EF pro-
cesses could be extended to children’s adaptive
regulatory behaviors in real-life situations. For
instance, behavioral regulation in classroom settings
often places demands on executive functioning that
are similarly implicated in laboratory-based EF
measures: Completing assigned tasks and following
instructions often require inhibitory control of
impulses, and learning-related behaviors typically
rely on working memory capacity to keep track of
multiple types of information from teachers (e.g.,
instructions, lesson content; Brock, Rimm-Kaufman,
Nathanson, & Grimm, 2009). The association
between EF and self-regulatory classroom behaviors
has been well researched. For instance, low EF
(inhibition, working memory) has been shown to
predict teacher-reported behavioral problems such
as physical aggression and motoric hyperactivity
among kindergarteners and adolescents (McGlam-
ery, Ball, Henley, & Besozzi, 2007; Seguin, Nagin,
Assaad, & Tremblay, 2004). Given the link between
classroom conduct and executive functioning, it is
possible that the SES and bilingual advantages
found in laboratory-based measures could be simi-
larly observed in self-regulatory classroom behav-
iors. Thus, we aimed to examine the effect of SES
and bilingualism on teacher-reported children’s reg-
ulatory behaviors on the dimensions of (a) inhibi-
tory control, which refers to the capacity to plan
and suppress inappropriate responses (e.g., lower-
ing one’s voice when told to do so), and (b) atten-
tional focusing, which reﬂects the capacity to
maintain focus on task-related channels (e.g., the
ability to concentrate while performing tasks).
To achieve these three goals, we sought to ana-
lyze a large-scale longitudinal data set from the
Early Childhood Longitudinal Study–Kindergarten
Class of 2010–2011 (ECLS-K:2011; National Center
for Education Statistics; Tourangeau et al., 2015),
which tracks a nationally representative sample
of approximately 18,200 kindergarten children (5–
7 years old) from their status on school entry to
their transition and progression through the ele-
mentary grades. Although the ECLS contains lim-
ited language assessments and does not provide
detailed information on various bilingual experi-
ences (e.g., age of acquisition), the main bilingual
criterion—that is, the use of a language other than
English at home—was sufﬁciently adequate to
assess and infer bilingual status (see Discussion for
further details on this issue). We compared mono-
linguals and bilinguals from a wide SES spectrum
—characterized by a comprehensive set of indices—
on two tasks: the DCCS and the Numbers Reversed
task, which were employed to assess inhibition and
shifting and verbal working memory across four
waves over a 1.5-year time frame.
We hypothesized that if SES disparities inﬂuence
executive functioning, this would signiﬁcantly pre-
dict performance on EF tasks across the four waves.
In line with the literature, we also hypothesized that
if a bilingual advantage exists, bilingualism would
signiﬁcantly contribute to the inhibition and shifting
aspects of EF but not verbal working memory.
Regarding the interaction between SES and bilin-
gualism, two possibilities exist. Consistent with stud-
ies that have examined the simultaneous impact of
the two experiential factors (Calvo & Bialystok, 2014;
Krizman et al., 2015), one possibility is that SES and
bilingualism independently contribute to executive
functioning. Alternatively, if SES and bilingualism
interact with each other, we conjectured that the ben-
eﬁts of bilingualism would be less pronounced for
higher SES children, because their afﬂuent environ-
ments may have already provided opportunities to
develop appropriate EF skills. Given that experience-
related contributions to cognitive development are
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more pronounced for lower SES children than for
their higher SES counterparts (Turkheimer et al.,
2003), bilingual advantages are likely heightened
among low-SES children—that is, bilingualism
would attenuate the adverse effects of low-SES on EF
and self-regulation. Last, based on the association
between EF and self-regulatory behavior (McGlam-
ery et al., 2007; Seguin et al., 2004), we hypothesized
that the effects of SES and bilingualism on EF would
extend to classroom behaviors (assessed by the tea-
cher-reported Children’s Behavior Questionnaire
[CBQ]), and thus SES and bilingualism would signiﬁ-
cantly predict inhibitory control and attentional
focusing behaviors.
Method
Participants
We employed four testing waves of the ECLS–
K:2011 public-access data set: the fall of academic
year 2010–2011 (Wave 1: Kindergarten Fall); spring
of 2010–2011 (Wave 2: Kindergarten Spring); fall of
2011–2012 (Wave 3: First Grade Fall); and spring of
2011–2012 (Wave 4: First Grade Spring). Data from
the ECLS were collected across the United States in
all 50 states and the District of Columbia to create a
nationally representative sample. To standardize
the language used for cognitive assessment across
monolinguals and bilinguals, we only included par-
ticipants who spoke English. To ensure that the
assessment score was reliable, we excluded partici-
pants who were interrupted (e.g., by a ﬁre drill or
class) or disturbed (e.g., by noise or another person)
during the assessment.
Bilingualism was conﬁrmed if children were
reported to: (a) demonstrate sufﬁcient English skills,
as determined by their score (16 out of 20) on a
language screener (the English version of the Pre-
school Language Assessment Scales) and (b) speak
a language other than English at home. The home
language was reported by parents based on
interviews conducted during fall 2010–2011
(kindergarten), spring 2010–2011 (kindergarten),
and spring 2011–2012 (ﬁrst grade). Bilingual partici-
pants spoke a variety of languages in addition to
English, including Asian languages (e.g., Chinese,
Japanese, Filipino) and European languages (Span-
ish, French, German, Italian); of the latter, Spanish
was spoken by the majority.
In the data set, participants with missing values
for either of our key predictors (bilingualism and
composite SES score) were excluded. We sampled
11,288 participants in Wave 1 (monolingual = 10,133,
Mage = 67.59; bilingual = 1,155;Mage = 66.93); 11,618
in Wave 2 (monolingual = 10,246, Mage = 73.58;
bilingual = 1,372, Mage = 72.68); 2,872 in Wave 3
(monolingual = 2,331, Mage = 78.58; bilingual = 541,
Mage = 79.12); and 8,103 in Wave 4 (monolingual =
7,012, Mage = 85.55; bilingual = 1,091, Mage = 84.56).
Table 1 summarizes the characteristics of bilinguals
and monolinguals across all four waves. As reported
by previous studies in the United States (e.g., Paap &
Greenberg, 2013; Prior & Gollan, 2011), monolinguals
had signiﬁcantly higher household income, parental
education, parental occupational prestige, and SES
composite scores than bilinguals across all four
waves, ps < .001. Consistent with previous studies in
which bilinguals had lower English proﬁciency than
monolinguals (e.g., Bialystok & Feng, 2009), bilin-
guals scored signiﬁcantly lower on the Preschool
Language Assessment Scales (preLAS) across all four
waves, ps < .001.
Measures
Socioeconomic Status
SES was computed based on ﬁve indicators:
household income, maternal and paternal educa-
tion, and maternal and paternal occupational pres-
tige scores. Indicators were collected twice, during
each of the annual parental interviews. Household
income, deﬁned as the total income of all household
members—including salaries or other earnings,
such as interest and retirement—was rated on a
scale that ranged from 1 (less than $5,000) to 18
(more than $200,000). From 1 to 15, income
increased in intervals of $5,000; from 15 to 16, in
one interval of $25,000; and from 16 to 18, in inter-
vals of $100,000. In 2011, the U.S. Census Bureau’s
poverty thresholds for three- and four-person
households, based on household income, were
$35,832 and $46,042, respectively. Parental educa-
tion level was rated on a scale of 1 (none) to 8 (mas-
ter’s degree or higher) in the kindergarten year and
on a scale of 1 (none) to 9 (doctorate or professional
degree) in the ﬁrst-grade year. Parental occupation
was coded into 22 standard categories using the
Manual for Coding Industries and Occupation (U.S.
Department of Education, National Center for Edu-
cation Statistics, 1999). Once parental occupations
had been classiﬁed, they were assigned prestige
scores based on the 1989 General Social Survey. All
of the ﬁve SES components were z-transformed,
and then the SES index was computed using the
following equation:
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SESi ¼
Pm
h¼1Zhi
m
;
where zhi is the z-transformed SES component and
m is the number of components. When there were
missing values for any of the SES components (e.g.,
in the case of a single-parent family or unemployed
parents), the ﬁnal SES index was computed by
averaging the z-scores of available components (see
Tourangeau et al., 2015, for more details on compu-
tation and imputation of the SES index).
The Dimension Change Card Sort Task
The DCCS (Zelazo, 2006) was used to assess the
inhibition and shifting aspects of EF at all four
waves. This task requires children to sort a series
of 22 picture cards of either a red rabbit or a blue
boat into one of two trays (red boat or blue rabbit)
according to the speciﬁed rule (color or shape).
Children were instructed to sort cards by color in
the ﬁrst block and by shape in the second block.
The third block was a border game, in which the
sorting rule depended on whether the card had a
black border. Each participant completed four prac-
tice trials and a total of 18 test trials (i.e., six trials
per block). Following the recommendation of the
ECLS manual and the developer of the DCCS
(Tourangeau et al., 2015), the total score of the
three blocks, instead of the single score on the post-
switch block, was used as a performance index of
inhibitory control and shifting because the former
better captures the degree of variability at the
lower end of children’s performance on the DCCS;
a number of children scored zero on the postswitch
block at Wave 1 (1,038 cases) and Wave 2 (457
cases).
Numbers Reversed Subtest
The Numbers Reversed subtest of the Wood-
cock–Johnson III (Woodcock, McGrew, & Mather,
2001) was used to assess verbal working memory.
For this task, children were asked to repeat an
orally presented sequence of numbers in the reverse
order in which they were presented. Children were
given ﬁve trials of varying set size, that is,
sequences of sets that ranged from 2 to 8 numbers.
When the child answered three consecutive
numbers incorrectly, the task was stopped and per-
formance scores were calculated. Standardized scores
with age-normed transformations were used as an
index of working memory. The Numbers Reversed
subtest was administered across all four waves.
Children’s Behavior Questionnaire
Inhibitory control and attentional-focusing behav-
iors, which are assumed to be essential for adaptive
self-regulatory behaviors in the classroom, were
assessed by the short form of the CBQ (Putnam &
Rothbart, 2006). Using the questionnaire, teachers
rated each child on items that assess certain social
skills and behaviors related to inhibitory control
(e.g., “The child can wait before entering into new
activities if he/she is asked to”) and attentional
focusing (e.g., “When building or putting something
together, the child becomes very involved in what
he/she is doing, and works for long periods”).
Higher scores on the Attentional Focusing subscale
indicate that the child is able to focus on cues in the
environment that are relevant to the task in hand,
whereas higher scores on the Inhibitory Control
subscale indicate that the child is able to resist a
strong inclination to make inappropriate approach
responses. The CBQ was assessed at Wave 1, Wave
2, and Wave 4.
Preschool Language Assessment Scales
The children’s English proﬁciency was measured
using the English version of the preLAS (Duncan &
De Avila, 1998), which consists of the Simon Says
and Art Show tasks. The Simon Says task requires
children to follow simple and direct instructions
given by the assessor in English. The Art Show task
is a picture vocabulary assessment that tests chil-
dren’s expressive vocabulary. Scores for the Simon
Says and Art Show tasks were combined, and the
total was used as an index of English proﬁciency.
As the preLAS was assessed only at Wave 1 and
Wave 2, the score at Wave 2 was used as a proxy
of English proﬁciency at Wave 3 and Wave 4.
Data Analysis
We employed multiple ordinary least squares
regression models for each criterion variable with
respect to each time wave (see Table 2 for summary
descriptive statistics and reliability estimates of the
variables). For our analyses, we included children
who had no missing information for our key predic-
tors (bilingualism and SES) and criterion variables
(e.g., the DCCS and Number Reversed subtest). Chil-
dren who were excluded due to missing values on
cognitive measures of EF were again included when
two other criterion variables—the teachers’ assess-
ment of inhibitory control and attentional focusing
behaviors—had been analyzed. In each model, we
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controlled for covariates, that is, age at assessment,
sex, and English proﬁciency, that are critical for chil-
dren’s performance on measures of EF and self-regu-
latory behaviors. We also entered Asian race as a
proxy for Asian culture to control for Eastern cultural
advantages in executive functioning and self-regula-
tory behaviors, owing to immersion in sociocultural
environments that emphasize behavioral control and
inhibition (Tran, Arredondo, & Yoshida, 2015; Yang,
Yang, & Lust, 2011).
In Step 1, we included our main predictors (bilin-
gualism and composite index of SES) and covariates
(age, sex, English proﬁciency, and Asian culture) to
examine the predictability of bilingualism and SES
on each criterion after controlling for covariates.
Bilingualism was dummy coded to compare bilin-
guals (coded 1) to monolinguals reference (coded 0).
In Step 2, we included the Bilingualism 9 SES inter-
action term to examine the potential moderating
effect of bilingualism on the relation between SES
and the criterion variables. Subsequently, we con-
ducted simple slopes analyses to further probe the
SES 9 Bilingualism interaction effect using the PRO-
CESS macro (Model 1; Hayes, 2012).
Table 2
Descriptive Statistics and Reliability Estimates of Predictors, Criteria, and Covariates Across the Four Waves
n M SD Min Max Skewness Kurtosis Reliability
Predictors
Bilingualism
Wave 1 11,288 0.10 0.30 0.00 1.00 2.63 4.89 —
Wave 2 11,618 0.12 0.32 0.00 1.00 2.37 3.60 —
Wave 3 2,872 0.19 0.39 0.00 1.00 1.60 0.54 —
Wave 4 8,103 0.13 0.34 0.00 1.00 2.14 2.59 —
SES
Wave 1 11,288 0.03 0.80 2.33 2.60 0.31 0.41 —
Wave 2 11,618 0.44 0.81 2.33 2.60 0.28 0.46 —
Wave 3 2,872 0.11 0.81 2.33 2.37 0.32 0.53 —
Wave 4 8,103 0.06 0.80 2.33 2.37 0.26 0.53 —
Criteria
DCCSa
Wave 1 11,250 14.32 3.23 0.00 18.00 1.67 2.24 .88
Wave 2 11,595 15.16 2.80 0.00 18.00 2.00 4.46 .86
Wave 3 2,869 15.71 2.40 0.00 18.00 2.19 6.66 .83
Wave 4 8,093 16.05 2.33 0.00 18.00 2.43 7.99 .83
Numbers reversed subtesta
Wave 1 10,451 93.94 16.42 47.00 167.00 0.21 0.98 .93
Wave 2 11,589 95.14 16.94 41.00 175.00 0.19 0.60 .91
Wave 3 2,868 93.56 17.08 43.00 181.00 0.29 0.11 .90
Wave 4 8,092 95.68 17.00 35.00 197.00 0.53 0.79 .87
Inhibitory control behaviorsb
Wave 1 10,460 4.94 1.28 1.00 7.00 0.44 0.50 .87
Wave 2 10,745 4.94 1.32 1.00 7.00 0.49 0.48 .87
Wave 3 — — — — — — — —
Wave 4 7,138 5.10 1.27 1.00 7.00 0.66 0.20 .86
Attentional focus behaviorsb
Wave 1 10,468 4.74 1.31 1.00 7.00 0.60 0.22 .87
Wave 2 10,735 5.10 1.28 1.00 7.00 0.69 0.13 .87
Wave 3 — — — — — — — —
Wave 4 7,135 4.91 1.28 1.00 7.00 0.43 0.48 .83
Covariates
Age
Wave 1 11,288 67.52 4.44 44.81 90.77 0.37 0.52 —
Wave 2 11,618 73.48 4.46 52.21 99.45 0.41 0.55 —
Wave 3 2,872 79.01 4.33 60.66 102.70 0.44 0.69 —
Wave 4 8,103 85.42 4.40 63.88 110.20 0.41 0.64 —
Gender
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Following Duncan and Magnuson’s (2003) com-
ponential approach, we also aimed to examine each
constituent of SES separately by employing three
additional hierarchical regression analyses, all of
which have three steps. In all models, age, sex, Eng-
lish proﬁciency, and Asian culture were controlled
in Step 1 (see Table 4). In Step 2, bilingualism was
added simultaneously with additional predictor(s)
for each regression model: maternal education
(Model 1), household income (Model 2), and mater-
nal education and household income (Model 3).
Here, we focused on household income and mater-
nal education, which have been well established as
having independent effects on children’s achieve-
ment (Magnuson & Duncan, 2006). In Step 3, we
added the interaction term(s) between bilingualism
and SES: Bilingualism 9 Maternal Education
(Model 1), Bilingualism 9 Household Income
(Model 2), and Bilingualism 9 Maternal Education
and Bilingualism 9 Household Income (Model 3).
By analyzing these interactions separately in three
models, we aimed to examine the shared and
unique effects of maternal education and household
income on EF, and their interaction with bilingual-
ism. Collinearity statistics did not show any indica-
tion of multicollinearity.
Results
Our primary goal was to evaluate the interaction
effects of SES and bilingualism on (a) inhibition and
shifting, (b) working memory, and (c) inhibitory
control and attentional focusing behaviors. In the
context of these goals, we ﬁrst present our results
with respect to each criterion variable by opera-
tionalizing SES using a composite index. Subse-
quently, we present additional analyses employing
a componential approach that operationalizes SES
using each component separately (Duncan &
Magnuson, 2003).
The DCCS
In Step 1 of the ordinary least squares regression
model, we entered bilingualism, SES, and multiple
covariates of Age, Sex, English Proﬁciency, and
Asian culture. We found that SES emerged as a
signiﬁcant predictor of the DCCS in Wave 1
(B = 0.46, SE = 0.04, 95% CI [0.39, 0.54], t = 11.98,
p < .001); Wave 2 (B = 0.42, SE = 0.03, 95% CI
[0.36, 0.49], t = 12.80, p < .001); Wave 3 (B = 0.40,
SE = 0.06, 95% CI [0.28, 0.51], t = 6.57, p < .001);
and Wave 4 (B = 0.42, SE = 0.03, 95% CI [0.35,
Table 2
Continued
n M SD Min Max Skewness Kurtosis Reliability
Wave 1 11,288 0.49 0.50 0.00 1.00 0.04 2.00 —
Wave 2 11,618 0.49 0.50 0.00 1.00 0.06 2.00 —
Wave 3 2,872 0.48 0.50 0.00 1.00 0.09 1.99 —
Wave 4 8,103 0.49 0.50 0.00 1.00 0.05 2.00 —
English proﬁciency (preLAS)c
Wave 1 11,288 18.83 2.23 0.00 20.00 3.55 18.02 .91
Wave 2 11,618 19.26 1.74 0.00 20.00 4.61 33.51 .89
Wave 3 2,828 18.76 2.59 0.00 20.00 3.57 10.78 .89
Wave 4 8,005 19.06 2.32 0.00 20.00 4.43 25.28 .81
Asian culture
Wave 1 11,288 0.07 0.25 0.00 1.00 3.49 10.17 —
Wave 2 11,618 0.07 0.26 0.00 1.00 3.27 8.72 —
Wave 3 2,872 0.06 0.24 0.00 1.00 3.57 10.78 —
Wave 4 8,103 0.07 0.26 0.00 1.00 3.28 8.73 —
Note. Sample size of Wave 2 is higher than that of Wave 1 due to additional recruitment of eligible students in the spring of the kinder-
garten year (Wave 2). Sample size in the fall of the ﬁrst-grade year (Wave 3) was the lowest because the study was conducted only on
a subsample of approximately one-third of the full sample. Sample size in each variable may vary due to missing data. Bilingualism
was dummy coded with monolinguals as reference (bilinguals = 1, monolinguals = 0); sex was dummy coded with male as reference,
and Asian culture was dummy coded with non-Asian culture as reference. For all criterion variables, higher values reﬂect better perfor-
mance. preLAS = Preschool Language Assessment Scales; DCCS = Dimensional Change Card Sort; ECLS-K = Early Childhood Longitu-
dinal Study–Kindergarten; SES = socioeconomic status.
aReliability was estimated using a split-half procedure based on even- and odd-numbered trials, which were corrected using the Spear-
man-Brown prophecy formula. bThe reliability coefﬁcient was based on the alpha coefﬁcient reported in the ECLS-K:2011 manual (Tourangeau
et al., 2015). cBecause English proﬁciency was not assessed at Waves 3 and 4, the preLAS scores obtained at Wave 2 were used in place of proﬁ-
ciency scores at Waves 3 and 4.
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0.48], t = 12.25, p < .001). Consistently positive coef-
ﬁcients across all four waves indicate that higher
SES is beneﬁcial for performance on the DCCS.
Similarly, bilingualism also emerged as a signiﬁcant
predictor of the DCCS in Wave 1 (B = 0.43, SE =
0.11, 95% CI [0.23, 0.64], t = 4.11, p < .001); Wave 2
(B = 0.32, SE = 0.09, 95% CI [0.15, 0.49], t = 3.68,
p < .001); Wave 3 (B = 0.27, SE = 0.13, 95% CI
[0.00, 0.53], t = 1.99, p = .047); and Wave 4
(B = 0.42, SE = 0.09, 95% CI [0.25, 0.59], t = 4.90,
p < .001). Notably, our results held true when only
postswitch scores of the DCCS were examined.
Despite the possible range restriction of postswitch
scores, bilingualism emerged as a signiﬁcant predic-
tor of postswitch scores in Wave 1 (B = 0.17, SE =
0.06, 95% CI [0.05, 0.29], t = 2.82, p = .005); Wave 2
(B = 0.19, SE = 0.04, 95% CI [0.10, 0.28], t = 4.31,
p < .001); and Wave 4 (B = 0.15, SE = 0.04, 95% CI
[0.07, 0.22], t = 3.65, p < .001), and marginally pre-
dicted postswitch scores in Wave 3 (B = 0.12,
SE = 0.07, 95% CI [0.01, 0.25], t = 1.81, p = .071).
These results suggest robust bilingual advantages
in the inhibition and shifting aspects of EF (see
Table 3). In Step 2, we found a signiﬁcant interac-
tion between SES and bilingualism in Wave 1
(B = 0.31, SE = 0.13, 95% CI [0.56, 0.06],
t = 2.41, p = .016); Wave 2 (B = 0.24, SE = 0.11,
95% CI [0.45, 0.03], t = 2.26, p = .024); and
Wave 4 (B = 0.31, SE = 0.12, 95% CI [0.53,
0.08], t = 2.66, p = .008). The only exception was
Wave 3, which had the smallest sample size
(B = 0.20, SE = 0.18, 95% CI [0.55, 0.15],
t = 1.12, p = .264).
Our analyses of simple slopes (Figure 1) revealed
that, among monolinguals, SES was positively asso-
ciated with performance on the DCCS across all
four waves: Wave 1 (B = 0.49, p < .001); Wave 2
(B = 0.45, p < .001); Wave 3 (B = 0.42, p < .001);
and Wave 4 (B = 0.44, p < .001). Among bilinguals,
however, the association between SES and DCCS
was either weakened or insigniﬁcant in Wave 1
(B = 0.18, p = .157); Wave 2 (B = 0.21, p = .045);
Wave 3 (B = 0.22, p = .208); and Wave 4 (B = 0.14,
p = .251). Consistent with our hypothesis, these
results suggest that bilingualism attenuates the
detrimental effect of SES on the inhibition and shift-
ing aspects of EF. Further examination of this inter-
action revealed that among children from low-SES
families, bilingualism emerged as a signiﬁcantly
positive predictor of performance on the DCCS
across all four waves: Wave 1 (B = 0.52, p < .001);
Wave 2 (B = 0.39, p < .001); Wave 3 (B = 0.33,
p = .024); and Wave 4 (B = 0.50, p < .001). Among
children from middle-SES families, the association
between bilingualism and DCCS was relatively
weaker but still signiﬁcant in Wave 1 (B = 0.28,
p = .026) and Wave 4 (B = 0.26, p = .014), margin-
ally signiﬁcant in Wave 2 (B = 0.20, p = .057), and
not signiﬁcant in Wave 3 (B = 0.16, p = .308). How-
ever, among children from high-SES families, the
association between bilingualism and performance
on the DCCS was not signiﬁcant at any wave:
Wave 1 (B = 0.02, p = .902), Wave 2 (B = 0.00,
p = .999), Wave 3 (B = 0.00, p = .998), or Wave 4
(B = 0.01, p = .946). These results suggest that the
beneﬁcial effect of bilingualism was more evident
among children from lower SES families than those
from either middle- or higher SES families—that is,
lower SES children reaped more beneﬁts from their
bilingual experiences than middle or higher SES
children.
Numbers Reversed Subtest
When important covariates were controlled for
in Step 1 of a similar ordinary least squares regres-
sion analysis, SES emerged as a signiﬁcant predic-
tor of children’s performance on verbal working
memory, as assessed by the Numbers Reversed
subtest in Wave 1 (B = 5.16, SE = 0.19, 95% CI
[4.79, 5.53], t = 27.31, p < .001); Wave 2 (B = 5.22,
SE = 0.19, 95% CI [4.85, 5.59], t = 27.65, p < .001);
Wave 3 (B = 4.44, SE = 0.41, 95% CI [3.64, 5.25],
t = 10.78, p < .001); and Wave 4 (B = 4.78,
SE = 0.69, 95% CI [4.32, 5.25], t = 20.07, p < .001).
In contrast, bilingualism did not signiﬁcantly pre-
dict performance on the Numbers Reversed subtest
in Wave 1 (B = 0.40, SE = 0.53, 95% CI [0.63,
1.42], t = 0.75, p = .451); Wave 2 (B = 0.52, SE =
0.50, 95% CI [1.49, 0.45], t = 1.05, p = .296); and
Wave 3 (B = 0.77, SE = 0.92, 95% CI [1.03, 2.57],
t = 0.84, p = .401). In Wave 4, however, bilingual-
ism signiﬁcantly predicted performance on the
Numbers Reversed subtest (B = 1.18, SE = 0.60,
95% CI [0.00, 2.36], t = 1.97, p = .049). In Step 2, in
which we considered an SES 9 Bilingualism inter-
action, we found a signiﬁcant interaction across all
waves except Wave 3 (B = 0.81, SE = 1.24, 95% CI
[3.23, 1.62], t = 0.65, p = .515): It was signiﬁcant
in Wave 1 (B = 1.40, SE = 0.65, 95% CI [2.66,
0.13], t = 2.16, p = .031) and Wave 2 (B = 1.87,
SE = 0.61, 95% CI [3.06, 0.68], t = 3.09,
p = .002), and marginally signiﬁcant in Wave 4
(B = 1.53, SE = 0.81, 95% CI [3.11, 0.05],
t = 1.90, p = .058).
When simple slopes analysis was performed to
examine the SES and bilingualism interaction (Fig-
ure 1, bottom panel), we found positive associations
10 Hartanto, Toh, and Yang
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between SES and verbal working memory among
both bilinguals and monolinguals across all four
waves (ps < .001). Further examination of this inter-
action indicated that among higher SES children,
monolinguals signiﬁcantly outperformed bilinguals
only at Wave 2 (B = .84, p = .020), whereas among
lower SES children, bilinguals signiﬁcantly outper-
formed monolinguals only at Wave 4 (B = 1.61,
p = .012). No other effects were signiﬁcant. These
results suggest that bilingualism only attenuates the
negative effect of low-SES on children’s verbal
working memory at a later age, especially when
bilingual children’s verbal abilities improve.
Children’s Behavior Questionnaire
We ﬁrst conducted correlation analyses between
our EF measures and classroom behaviors. Support-
ing the established link between EF and classroom
behaviors, we observed that the DCCS and Numbers
Reversed subtests were positively associated with
the attentional focus and inhibitory control behaviors
across all three available waves (rs = .17–.30,
ps < .001). Next, we performed regression and sim-
ple slopes analyses for inhibitory control and
attentional focusing behaviors, as assessed by the
teacher-reported CBQ subscales at Waves 1, 2, and 4.
Inhibitory Control Behaviors
When important covariates were controlled for
in Step 1, SES emerged as a signiﬁcant predictor of
inhibitory control behaviors in Wave 1 (B = 0.23,
SE = 0.01, 95% CI [0.20, 0.26], t = 16.27, p < .001);
Wave 2 (B = 0.22, SE = 0.01, 95% CI [0.20, 0.25],
t = 16.51, p < .001); and Wave 4 (B = 0.25,
SE = 0.02, 95% CI [0.21, 0.28], t = 15.73, p < .001).
Bilingualism also signiﬁcantly predicted inhibitory
control behaviors in Wave 1 (B = 0.35, SE = 0.04,
95% CI [0.27, 0.43], t = 8.91, p < .001); Wave 2
(B = 0.44, SE = 0.04, 95% CI [0.37, 0.51], t = 12.00,
p < .001); and Wave 4 (B = 0.40, SE = 0.04, 95% CI
[0.32, 0.48], t = 10.04, p < .001). In Step 2, we found
a signiﬁcant interaction between bilingualism and
SES across all time points: Wave 1 (B = 0.22,
SE = 0.05, 95% CI [0.31, 0.12], t = 4.53,
p < .001); Wave 2 (B = 0.28, SE = 0.05, 95% CI
[0.37, 0.19], t = 6.25, p < .001); and Wave 4
(B = 0.20, SE = 0.05, 95% CI [0.30, 0.10],
t = 3.91, p < .001).
Figure 1. Simple slopes analysis (i.e., unstandardized coefﬁcients) on the moderation effect of bilingualism on the relation between SES
and total scores of the DCCS (upper panel) and standard scores of the NR subtest (bottom panel) at values that are 1 SD below the
mean SES, the mean SES, and 1 SD above the mean SES. SES = socioeconomic status; DCCS = Dimensional Change Card Sort;
NR = numbers reversed.
*p < .05. **p < .001.
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To further examine the SES 9 Bilingualism inter-
action effect on inhibitory control behaviors, we
performed simple slopes analyses (see Figure 2,
upper panel). Among monolinguals, SES was posi-
tively associated with inhibitory control behaviors
at all available time points: Wave 1 (B = 0.25,
p < .001), Wave 2 (B = 0.25, p < .001), and Wave 4
(B = 0.46, p < .001). Among bilinguals, however,
SES was not associated with inhibitory control
behaviors across the available time points: Wave 1
(B = 0.03, p = .518), Wave 2 (B = 0.03, p = .451),
or Wave 4 (B = 0.06, p = .212). Further analyses
showed that bilingualism signiﬁcantly predicted
inhibitory control behaviors among children from
low-SES families in Wave 1 (B = 0.42, p < .001),
Wave 2 (B = 0.52, p < .001), and Wave 4 (B = 0.46,
p < .001). Bilingualism also signiﬁcantly predicted
inhibitory control behaviors among children from
middle-SES families at all available time points,
although the strength of this association was
weaker than that found among children from low-
SES families: Wave 1 (B = 0.24, p < .001); Wave 2
(B = 0.30, p < .001); and Wave 4 (B = 0.29,
p < .001). Among children from high-SES families,
however, bilingualism did not signiﬁcantly predict
inhibitory control behaviors in Wave 1 (B = 0.07,
Figure 2. Simple slopes analysis (i.e., unstandardized coefﬁcients) on the moderation effect of bilingualism on the relation between SES
and teacher-reported scores of inhibitory control (upper panel) and attentional focus behaviors (bottom panel) at values that are 1 SD
above the mean SES, the mean SES, and 1 SD below the mean SES. SES = socioeconomic status; IC = inhibitory control; AF = atten-
tional focusing.
*p < .05. **p < .001.
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p = .367); Wave 2 (B = 0.07, p = .327); or Wave 4
(B = 0.13, p = .095).
Attentional Focusing Behaviors
When multiple covariates were controlled for in
Step 1, SES emerged as a signiﬁcant predictor of
attentional focusing behaviors in Wave 1 (B = 0.31,
SE = 0.02, 95% CI [0.28, 0.34], t = 21.27, p < .001);
Wave 2 (B = 0.29, SE = 0.01, 95% CI [0.26, 0.32],
t = 20.82, p < .001); and Wave 4 (B = 0.30, SE =
0.02, 95% CI [0.27, 0.33], t = 19.33, p < .001). Simi-
larly, bilingualism was a signiﬁcant predictor of
attentional focusing behaviors at all available time
points: Wave 1 (B = 0.40, SE = 0.04, 95% CI [0.32,
0.48], t = 10.03, p < .001); Wave 2 (B = 0.45,
SE = 0.04, 95% CI [0.38, 0.52], t = 12.07, p < .001);
and Wave 4 (B = 0.44, SE = 0.04, 95% CI [0.36,
0.52], t = 10.99, p < .001). Furthermore, in Step 2,
we found a signiﬁcant SES 9 Bilingualism effect on
attentional focusing in Wave 1 (B = 0.24, SE =
0.05, 95% CI [0.33, 0.14], t = 4.78, p < .001);
Wave 2 (B = 0.28, SE = 0.05, 95% CI [0.37,
0.19], t = 6.18, p < .001); and Wave 4 (B =
0.199, SE = 0.05, 95% CI [0.30, 0.10], t = 3.89,
p < .001).
When we performed simple slopes analysis to
probe this interaction (Figure 2, bottom panel), we
found that among monolinguals, SES was posi-
tively associated with attentional focusing behaviors
across all available waves: Wave 1 (B = 0.33,
p < .001), Wave 2 (B = 0.31, p < .001), and Wave 4
(B = 0.26, p < .001). However, among bilinguals,
the association between SES and attentional focus-
ing behaviors varied: It was marginally signiﬁcant
in Wave 1 (B = 0.09, p = .055), not signiﬁcant in
Wave 2 (B = 0.03, p = .503), and signiﬁcant in Wave
4 (B = 0.12, p = .017). Furthermore, among children
from low-SES families, simple slopes analysis
demonstrated signiﬁcantly positive associations
between bilingualism and attentional focusing
behaviors across all available time points: Wave 1
(B = 0.47, p < .001); Wave 2 (B = 0.54, p < .001);
and Wave 4 (B = 0.49, p < .001). Similarly, among
children from middle-SES families, the association
between bilingualism and attentional focusing
behaviors was signiﬁcant in Wave 1 (B = 0.29,
p < .001), Wave 2 (B = 0.31, p < .001), and Wave 4
(B = 0.33, p < .001). However, among children from
high-SES families, the association between bilin-
gualism and attentional focusing behaviors was sig-
niﬁcant only in Wave 4 (B = 0.17, p = .031) and not
signiﬁcant in Wave 1 (B = 0.10, p = .205) or Wave 2
(B = 0.08, p = .279). Taken together, these results
suggest that bilingualism reliably attenuates the
negative effects of low-SES on children’s inhibitory
control and attentional focusing behaviors. Our
results also suggest that the beneﬁcial effect of bilin-
gualism on self-regulatory behaviors is more evi-
dent among children from low- and middle-SES
families.
Componential SES
As addressed earlier, three additional hierarchi-
cal regression analyses were conducted for each cri-
terion to examine the shared and unique effects of
maternal education and household income on EF
and their interactions with bilingualism. Results of
these additional analyses are summarized in
Table 4; several are important. First, the Bilingual-
ism 9 SES interactions we identiﬁed using the SES
composite measure (see Table 3) were replicated
when maternal education or household income
were employed as single-dimensional SES indices
(see Models 1 and 2 of Table 4). The results provide
substantial evidence that bilingualism attenuates
the negative repercussions of low maternal educa-
tion and household income on the inhibitory and
shifting aspects of EF and self-regulatory behaviors.
Second, as shown in Step 2 of Model 3, maternal
education and household income simultaneously
emerged as signiﬁcant predictors in all of our crite-
rion variables (ps < .001)—the DCCS, Numbers
Reversed subtest, and inhibitory control and atten-
tional focusing behaviors—across all of the four
waves. The signiﬁcant unique effects of maternal
education and household income on all of our EF
measures suggest that maternal education and
household income, which tap into distinct
resources, may inﬂuence EF through different
mechanisms. Notably, the predictability of maternal
education and household income were substantially
lower in Model 3 than in Models 1 and 2, demon-
strating that children’s EF were also accounted for
by the variance shared by maternal education and
household income.
Third, as shown in Model 3 (Table 4), where the
interaction terms of Bilingualism 9 Household
Income and Bilingualism 9 Maternal Education
were simultaneously included, we observed some
trends by which the unique effects of maternal edu-
cation and household income on EF and self-regula-
tory behaviors were attenuated differently by
bilingualism. For the DCCS, we observed that the
Bilingualism 9 Household Income (B = 0.03, SE =
0.02, 95% CI [0.01, 0.01], t = 1.34, p = .180) and
Bilingualism 9 Maternal Education (B = 0.09,
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SE = 0.06, 95% CI [0.20, 0.03], t = 1.43, p = .154)
interactions were not signiﬁcant in Wave 1. As
these interactions terms were signiﬁcant when they
were included separately in Model 1 (B = 0.15,
SE = 0.05, 95% CI [0.25, 0.05], t = 2.94,
p = .003) and Model 2 (B = 0.05, SE = 0.02, 95%
CI [0.09, 0.01], t = 2.41, p = .016), the results
suggest that bilingualism only attenuate the shared
negative effects of household income and maternal
education on the inhibitory and shifting aspects
of EF. However, the Bilingualism 9 Household
Income interaction in Model 3 was signiﬁcant in
Wave 2 (B = 0.04, SE = 0.02, 95% CI [0.08,
0.00], t = 2.18, p = .029) and Wave 4 (B = 0.07,
SE = 0.02, 95% CI [0.11, 0.03], t = 3.79, p < .001).
A similar pattern emerged in Wave 4 on the
Numbers Reversed subtest, in which only the
Bilingualism 9 Household Income interaction was
signiﬁcant (B = 0.34, SE = 0.13, 95% CI [0.60,
0.08], t = 2.55, p = .011). This implies that bilin-
gualism signiﬁcantly attenuates the negative unique
effects of household income on the inhibition, shift-
ing, and verbal working memory aspects of EF at a
slightly later age.
In contrast, for self-regulatory behaviors in Model
3, we observed that the Bilingualism 9 Household
Income and Bilingualism 9 Maternal Education
interactions were signiﬁcant in all available waves
(ps < .05; see Table 4), except for Bilingual-
ism 9 Household Income interaction in Wave 4 for
both inhibitory control (B = 0.01, SE = 0.01, 95%
CI [0.03, 0.01], t = 1.20, p = .232) and attentional
focusing behaviors (B = 0.01, SE = 0.01, 95% CI
[0.03, 0.01], t = 1.12, p = .262). This suggests that
the unique negative effects of household income and
maternal education on self-regulatory behaviors
were mostly attenuated by bilingualism, with the
exception of household income in Wave 4.
Discussion
Using the largest sample size and longitudinal data,
our analysis revealed three main ﬁndings. First,
across all four waves, both higher SES and bilin-
gualism were positively associated with better inhi-
bitory and shifting aspects of EF. However, only
SES, and not bilingualism, reliably predicted verbal
working memory performance. Our ﬁnding that
SES and bilingualism affect performance on the
DCCS for kindergarten through elementary ages
converges with studies that have demonstrated the
beneﬁcial effects of SES (Ardila et al., 2005; Farah
et al., 2006; Mezzacappa, 2004; Noble et al., 2007)
and bilingualism (Bialystok, 1999; Bialystok &
Martin, 2004; Carlson & Meltzoff, 2008; Poarch &
Van Hell, 2012) on inhibition and shifting. Second,
in classroom settings, both higher SES and bilin-
gualism accounted for more adaptive self-regula-
tory behaviors (i.e., inhibitory control and
attentional focusing). Last, bilingualism signiﬁcantly
attenuated the negative effects of SES on the inhibi-
tory and shifting aspects of EF and self-regulatory
behaviors. Notably, the results held true even when
we controlled for a host of common confounding
variables such as age, sex, language proﬁciency,
and culture.
Our additional analyses, using a componential
approach to SES, revealed independent effects of
maternal education and household income on EF.
These results support the notion that maternal
education and household income, which tap into
distinct resources, may inﬂuence EF through differ-
ent mechanisms (Duncan & Magnuson, 2003). For
example, higher household income may facilitate
children’s EF development by increasing the
family’s ability to provide a more cognitively stimu-
lating environment, whereas higher maternal edu-
cation may shape a more effective parent–child
interaction that enhances EF development, such as
engaging in richer conversational exchanges and
providing enriching teaching experiences. Interest-
ingly, we also found that children’s executive func-
tioning was accounted for by the variance shared
by maternal education and household income. As
discussed by Noble et al. (2015), it is plausible that
this shared variance taps into the ability of more
highly educated parents to earn a higher income,
which allows them to create a more cognitively
stimulating environment. This suggests that mater-
nal education may not only have a unique effect on
EF through positive parent–child interaction but
may also inﬂuence EF through its shared effect with
household income.
Our ﬁnding that bilingualism did not affect ver-
bal working memory, particularly for early child-
hood (5.5–6.5 years old), is consistent with previous
studies that have used similar verbal working
memory tasks (Bialystok & Feng, 2010; Engel de
Abreu, 2011). The absence of a bilingual advantage
in verbal working memory can be attributed to the
fact that verbal working memory tasks—which
demand higher language skills than nonverbal
tasks—tend to disadvantage bilinguals, who are
generally linguistically less proﬁcient than their
monolingual counterparts (e.g., Bialystok, Luk,
Peets, & Yang, 2010). Indeed, studies that have
employed nonverbal working memory tasks tend to
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report bilingual advantages (Morales et al., 2013).
For instance, using the frog matrices task, which
requires recollection of a sequence of movements
by a frog in a three-by-three grid, Sorge et al.
(2016) found that bilingualism is a signiﬁcant pre-
dictor of spatial working memory and that being
more bilingual (i.e., greater degree of bilingualism)
is associated with greater improvement on this task.
In this vein, our ﬁnding of signiﬁcant positive
effects of bilingualism on verbal working memory
among older children (age 7) suggests that working
memory, relative to the inhibitory and shifting
aspects of EF, likely requires more extensive bilin-
gual experience to manifest. Given that cognitive
processes vary in terms of malleability (e.g.,
Hartanto et al., 2016), various cognitive processes
may not be similarly sensitive to the same extent of
bilingual experience. Further research is necessary,
therefore, to determine the mechanisms that under-
lie bilingual advantages in verbal and nonverbal
working memory.
We demonstrated that the SES and bilingual
advantages found in laboratory-based EF measures
could be similarly observed in children’s day-to-
day self-regulatory behaviors in school. Moreover,
our ﬁnding of positive correlations between EF
measures and classroom behaviors across all three
available waves (ps < .001) support the link
between EF and classroom behaviors. These results
dovetail with previous studies that have shown a
correlation between EF tasks and positive classroom
behaviors (e.g., self-reliance, compliance, attention,
and engagement; Brock et al., 2009; Seguin et al.,
2004). The ability to effectively execute classroom
activities that require EF (e.g., adhering to instruc-
tions, exercising restraint or concentrating on
assigned tasks) is a precursor to optimal learning
and scholastic achievement (Blair, 2002). Hence, our
ﬁnding that SES and bilingualism contribute to pos-
itive self-regulatory behaviors sheds light on the
importance of intervention—for instance, structured
language immersion—for low-SES children and
bilingual education.
Our key ﬁnding that bilingual advantages in EF
and self-regulatory behaviors were more pro-
nounced for lower SES children than higher SES
children suggests that bilingualism cognitively
enriches lower SES children. Our results reliably
demonstrate that the negative effects of low-SES on
inhibition, shifting, and self-regulatory behaviors
were attenuated or even nonexistent among bilin-
guals. This outcome diverges from previous studies
that failed to ﬁnd any interaction between SES and
bilingualism (Calvo & Bialystok, 2014; Krizman
et al., 2015). A likely explanation could be that,
unlike previous studies that relied on a limited
range of SES groups (e.g., middle vs. working
class), use of a large, nationally representative
group of participants from low- to high-SES fami-
lies allowed us to capture nuances in the relation
between SES and bilingualism that were not
observed in previous studies. Indeed, our ﬁnding is
congruent with studies in which low-SES children,
likely owing to their relative lack of opportunities
for cognitive development, were more receptive to
experiential factors than were their higher SES
counterparts (Neville et al., 2013; Turkheimer et al.,
2003). Relatedly, our results build on Engel de
Abreu, Cruz-Santos, Tourinho, Martin, and Bia-
lystok’s (2012) ﬁndings that bilingualism boosts the
performance of low-SES 8-year-olds on inhibitory
control as assessed by the ﬂanker task but not
working memory tasks (e.g., dot matrix). Although
their ﬁndings were limited to low-SES children, we
demonstrate that lower SES children beneﬁt more
from bilingualism than do higher SES children,
which suggests that bilingualism offers protection
against at least some of the detrimental cognitive
consequences of growing up in a low-SES environ-
ment.
In view of the multidimensional construct of
SES, our analyses reveal that the Bilingual-
ism 9 SES interactions we found using the SES
composite measure were replicated when maternal
education or household income were employed as
single-dimensional SES indices. Our results, there-
fore, imply that it is unlikely that the lack of inter-
action in previous SES/bilingualism studies was
due to reliance on single-dimensional SES indica-
tors, such as maternal education or household
income. Nevertheless, we still recommend that
future studies go beyond single-dimensional indica-
tors of SES, as they may not sufﬁciently capture the
complex, multidimensional nature of SES. This is
evident from the signiﬁcant unique effects of mater-
nal education and household income on all of our
EF and self-regulatory behavior measures. Thus,
employing more than one SES measure could maxi-
mize the variance of EF that would be accounted
for by SES.
Despite the large-scale longitudinal nature of our
study, it is not without limitations. First, owing to
the limitations of the ECLS, we lack sufﬁcient infor-
mation on various dual-language experiences (e.g.,
bilingual interactional contexts) that have been
demonstrated to modulate bilingual advantages
(Yang, Hartanto, & Yang, 2016a, 2016b). Therefore,
we were unable to ascertain the nature of dual-
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language experiences responsible for the bilingual
advantages documented in the study. To this end,
future studies should incorporate more extensive
assessments of speciﬁc bilingual proﬁles and lin-
guistic experiences. Second, given that the DCCS
assesses more than one EF component (i.e., inhibi-
tion and shifting), it would be ideal for future
research to employ multiple tasks that measure
each EF component individually—rather than con-
jointly—to avoid the task-impurity problem
(Miyake et al., 2000). Third, the lack of experimen-
tal controls (e.g., randomization of language
groups) in our study restricts assertions about
causality, which, in turn allows for alternative inter-
pretations. Speciﬁcally, bilinguals’ superior perfor-
mance on EF tasks could be the result of either
speaking two languages or higher motivation to
acquire a second language in children whose execu-
tive functioning is already advanced. We reason,
however, that for several reasons the latter is less
likely to be true. To illustrate, bilinguals in our data
set spoke a mother tongue other than English at
home with their families, which implies that they
grew up with two languages and acquired their
non-English language involuntarily, due to their
domestic language environment rather than volun-
tary commitment or motivational efforts. This
would account for the consistency in bilingual sta-
tus between the ﬁrst and fourth waves (r = 1.0);
that is, monolingual children with already
advanced executive functioning were still in a sin-
gle-language mode at Wave 4. In addition, evidence
from randomized training studies, though limited,
suggests that positive ﬁndings in favor of bilingual-
ism are attributable to bilingual practice (rather
than motivation per se). For instance, Janus, Lee,
Moreno, and Bialystok (2016) offered 4- to 6-year-
old children a 20-day second-language training and
observed signiﬁcant improvement on verbal and
nonverbal EF tasks. Together with this evidence,
our study suggests that bilinguals’ superior perfor-
mance in EF and adaptive self-regulatory behaviors
are likely attributable to bilingual experiences. Nev-
ertheless, an avenue for future research could be
whether cognitive gains among children who were
exposed to bilingualism domestically differ from
those who receive formal language training.
To summarize, our ﬁndings suggest that bilin-
gualism could potentially be a valuable element of
intervention programs for children in impoverished
circumstances. Crucially, given the vital role EF
plays in school readiness, self-regulated behaviors,
and academic competence (e.g., Blair & Razza,
2007; Brock et al., 2009), the power of bilingualism
to enrich executive functioning could go a long
way toward improving the educational outcomes of
underprivileged children, especially when bilingual-
ism begins in early childhood.
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